The investigation of alkylmagnesium hydrides by Wall, Harry Thomas
I n p r e s e n t i n g the d i s s e r t a t i o n as a p a r t i a l f u l f i l l m e n t o f 
the requirements f o r an advanced degree from the Georg ia 
I n s t i t u t e o f T e c h n o l o g y , I agree t h a t the L i b r a r y o f the 
I n s t i t u t e s h a l l make i t a v a i l a b l e f o r i n s p e c t i o n and 
c i r c u l a t i o n i n accordance w i t h i t s r e g u l a t i o n s govern ing 
m a t e r i a l s o f t h i s t y p e . I agree t h a t p e r m i s s i o n t o copy 
f rom, or t o p u b l i s h f rom, t h i s d i s s e r t a t i o n may be granted 
by the p r o f e s s o r under whose d i r e c t i o n i t was w r i t t e n , o r , 
i n h i s absence, by the Dean o f the Graduate D i v i s i o n when 
such copy ing or p u b l i c a t i o n i s s o l e l y f o r s c h o l a r l y purposes 
and does not i n v o l v e p o t e n t i a l f i n a n c i a l g a i n . I t i s under ­
stood t h a t any copying f rom, or p u b l i c a t i o n o f , t h i s d i s ­
s e r t a t i o n which i n v o l v e s p o t e n t i a l f i n a n c i a l g a i n w i l l not 
be a l lowed w i t h o u t w r i t t e n p e r m i s s i o n . 
7/25/68 
T H E I N V E S T I G A T I O N O F A L K Y L M A G N E S I U M H Y D R I D E S 
A T H E S I S 
Presented to 
The Facu l ty of the D i v i s i o n 
of Graduate Studies and R e s e a r c h 
by 
H ^ Thomas Wal l 
In Par t i a l Fu l f i l lment 
of the Requirements fo r the Degree 
Maste r of Science i n C h e m i s t r y 
Georg ia Institute of Technology 
June , 1971 




Date approved by Chairman: /? /?? I 
i i 
A C K N O W L E D G M E N T S 
T h e author wishes to thank D r . E . C . A s h b y , who suggested the p r o b l e m , 
fo r h is guidance throughout the course of this w o r k . The author also wishes to 
thank his wi fe , M a r i e , and h is c h i l d r e n , C h r i s t o p h e r , M ichae l , and V incent , fo r 
the i r m o r a l support . 
F inanc ia l assistance by the G e o r g i a Institute of Technology and the Off ice 
of Naval R e s e a r c h i s grate fu l ly acknowledged. 
i i i 
T A B L E O F C O N T E N T S 
I I . E X P E R I M E N T A L 
Apparatus 
A n a l y t i c a l 
Chemica ls 
Red is t r ibut ion Reactions 
Prepara t ion of U n s y m m e t r i c a l D ia lky lmagnes ium 
H y d r o g e n o l y s i s of D i a l k y l Magnesium Compounds 
Mo lecu la r Weight Determinat ion of P a r t i a l l y 
Hydrogenated D ia lky lmagnes ium Compounds 
L o w T e m p e r a t u r e n m r P r o f i l e of M e t h y l - s e c - B u t y l -
magnes ium-Methy l magnesium H y d r i d e Complex 
in D i e t h y l E t h e r 
I E . D I S C U S S I O N A N D R E S U L T S 23 
Red is t r ibut ion Reactions 
H y d r o g e n o l y s i s of U n s y m m e t r i c a l D ia lky lmagnes ium 
Compounds 
Mo lecu la r Assoc ia t ion 
I V . C O N C L U S I O N S 29 
A P P E N D I X 30 
L I T E R A T U R E C I T E D 35 
Page 
A C K N O W L E D G M E N T S i i 
L I S T O F T A B L E S i v 
S U M M A R Y v 
Chapter 
I . I N T R O D U C T I O N 1 
Prepara t ion of D ia lky lmagnesium Compounds 




L I S T O F T A B L E S 
Table Page 
1. Mo lecu la r Assoc ia t ion Data of P h M g s e c - B u - P h M g H , 
M e M g s e c - B u - M e M g H , and n - B u M g s e c - B u - n - B u M g H 
in D ie thy l E t h e r 33 
2. Mo lecu la r Assoc ia t ion Data of P h M g s e c - B u - P h M g H , 
M e M g s e c - B u - M e M g H , and n - B u M g s e c - B u - n - B u M g H 
i n Benzene 34 
V 
S U M M A R Y 
T h e synthesis of a l k y l - and ary lmagnes ium hydr ides by a number of 
di f ferent methods i n both polar and non polar so lvents , has been attempted. 
Red is t r ibut ion of d ia lkylmagnesium compounds wi th magnesium hydr ide 
to f o r m alkylmagnesium hydr ides was attempted using v a r i o u s sources of magne­
s ium h y d r i d e . Red is t r ibu t ion fai led even when catalyt ic quantit ies of t r i e t h y l 
aluminum were added to the react ion v e s s e l . 
H y d r o g e n o l y s i s of unsymmet r ica l d ia lky lmagnesium compounds (RMgR ) 
d id not produce the expected R M g H compounds. Instead the d isproport ionat ion 
products (RgMg + M g H 2 ) were observed . T h e unsymmet r ica l d ia lky lmagnesium 
compounds studied contained one a lky l group eas i ly removed by hydrogeno lys is 
and one a lky l group d i f f icu l t ly removed by h y d r o g e n o l y s i s . Thus C H g M g s - C ^ H ^ 
was expected to produce C H M g H on hydrogeno lys is ra ther than ( C H ) 0 M g and 
M g H g . However under condit ions of par t ia l h y d r o g e n o l y s i s , R M g R ' compounds 
did f o r m a stable a lkylmagnesium hydr ide complexed to an additional molecule 
of unsymmet r ica l d ia lky lmagnesium compound, namely, R M g H - R M g R ' . 
M o l e c u l a r associat ion and l o w temperature n m r studies v e r i f i e d the 
nature of the R M g H * R M g R ' complexes i n both diethyl ether and benzene solvent . 
C H A P T E R I 
I N T R O D U C T I O N 
Attempts to synthesize a lkylmagnesium hydr ides have been v e r y l imi ted 
even though these compounds are analogs of G r i g n a r d reagents which undoubtedly 
are among the most useful reagents i n synthetic organic c h e m i s t r y . It was the 
purpose of the present study to investigate some preparat ive routes to a l k y l - and 
ary lmagnes ium hydr ides and to charac te r i ze the resu l t ing products . 
Prepara t ion of D ia lky lmagnesium Compounds 
T h e d ia lky lmagnesium reagents used i n the present study were prepared 
by a method developed by C . W . Kamiensk i . * T h e method invo lves (1) an 
exchange reac t ion invo lv ing an a lky l l i th ium reagent wi th magnesium chlor ide o r 
an a lkylmagnesium halide and (2) red is t r ibu t ion of two di f ferent s y m m e t r i c a l 
d ia lky lmagnesium compounds to f o r m one unsymmet r ica l d ia lky lmagnesium 
compound. 
(1) 2 R L i + M g C l 2 -> R 2 M g + 2 L i C l 
(2) R M g + R ' M g •+ 2 R M g R ' 
Kamienski found that exchange react ions of a lky l l i th ium reagents wi th magnesium 
ch lor ide are complete and rap id only when the magnesium ch lor ide has been 
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"activated." Commercially available anhydrous magnesium chloride was found 
not to be suitable for this reaction. Of several methods Kamienski investigated 
for synthesizing "activated" magnesium chloride, the most satisfactory one 
was the reaction of a chloro Grignard reagent with benzyl chloride. 
(3) RMgCl + C6H5CH2C1 MgCl2 + C^Cr^R 
Kamienski found that a particular crystalline modification of MgCl2 was 
more reactive in the exchange reaction compared to other modifications. Alkyl-
lithium reagents were also found to react readily with alkylmagnesium chlorides 
in ethereal media. Yields were reported to be quantitative. The resulting 
dialkylmagnesium reagents could be desolvated and redissolved in benzene. 
Grignard reagent and alkyllithium reagent exchange was found to be a particularly 
easy route for the preparation of unsymmetrical dialkylmagnesium reagents 
especially when the alkyl lithium reagent used was stable in other solutions, e.g. 
CHgLi, CgHgLi. Unsymmetrical or mixed dialkylmagnesium compounds have 
also been formed by simply mixing a hydrocarbon solution of two different 
dialkylmagne sium compounds. 
Methods of Preparation of Alkylmagnesium Hydrides 
Kamienski1 found that THF (tetrahydrofuran)» TED (triethylenediamine) 
and TMEDA (tetramethylethylemediamine) stabilize and prevent decomposition of 
dialkylmagnesium reagents. After extended refluxing at 70°-80°, di-t-butyl and 
i-sec-butylmagnesium did not eliminate olefin in the presence of these bases. 
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H o w e v e r , i n the absence of bases the t -bu ty l compound decomposed even at 
r o o m temperature and the sec -bu ty l compound p y r o l y z e d s lowly at r e f l u x temp­
era tures of 70°-80°. He proposed an olef in e l iminat ion react ion to descr ibe the 
decomposit ion; however this was never p r o v e n . 
A 
(4) R M g > R M g H + olef in 
D i - s e c - b u t y l m a g n e s i u m which has undergone par t ia l e l iminat ion is able to effect 
metal lat ion of toluene, even i n the presence of a L e w i s base. Toluene could not 
be metallated by a d ia lky lmagnesium compound i n the presence of a base p r i o r 
to p y r o l y s i s . These observat ions were explained by par t ia l p y r o l y s i s enhancing 
the r e a c t i v i t y of d ia lky lmagnesium compounds by forming a soluble, se l f -
associated f o r m of a lkylmagnesium h y d r i d e . Tenta t ive ly Kamienski proposed 
the s t ruc tures below f o r a lkylmagnesium h y d r i d e s . 
R 
The proposed s t ruc tures were based on a compar ison of the known s t ruc tures of 
d ia lky la luminum hydr ides (R A1H), a luminum alky ls (R A l ) , and d iborane. In 
/L 3 
the la t ter cases suff icient documentation ex is ts to support meta l -a lky l and meta l -
hydrogen br idge sys tems . 
4 
R. Bauer studied the reaction of silane and diethylmagnesium in ether 
and proposed the following reaction sequence. 
(5) Mg(C2H5)2 + SiH4 - HMgC2H5 + HgSiC^ 
(6) HMgC2H5 + (C2H5)20 - HMgOC2H5 + C ^ 
However, Bauer offered no supporting data to verify the formation of HMgC_H_. 
Z 5 
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G. E. Coates, et̂al, reported that diethylmagnesium and sodium triethyl-
borohydride react to produce diethylmagnesium and magnesium hydride at 0° in 
diethyl ether. However, when the reaction was carried out at -78°, no magnesium 
hydride precipitated from solution. When a sample of the reaction mixture at 
-78° was taken from the reaction flask and hydrolyzed, an ethane:hydrogen ratio 
of 1:1 was observed. If the original reactants had been present the ethane:hydro­
gen ratio would have been 1:2. The following reaction was proposed: 
(7) NaEt BH + Et0Mg * EtMgH + NaEt .B 
(Sodium tetraethylboron is stable even in mildly acidic solutions). Coates 
reported that ethylmagnesium hydride is stable at -78° but disproportionates at 
-20° causing magnesium hydride to precipitate. 
(8) 2 EtMgH s± Et£Mg + MgHg 
The addition of TMEDA to the original reaction mixture prevented the 
formation of a precipitate; however, no RMgH compound was formed. 
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Purpose 
T h e purpose of this invest igat ion was to f ind a suitable method to 
synthesize a lkylmagnesium hydr ides and to charac te r i ze these compounds. 
Approach 
T h e p r inc ipa l synthetic routes studied involved the red is t r ibu t ion of 
d ia lkylmagnesium compounds wi th magnesium hydr ide and the hydrogeno lys is 
of unsymmet r i ca l d ia lkylmagnesium compounds. 
A l l synthetic attempts were c a r r i e d out in both benzene and d iethyl ether 
solvents since the composi t ion of these compounds i n both polar and non polar 
solvents might be di f ferent . It was also hoped that i f d isproport ionat ion took 
place i n d iethyl e ther , i t might not take place i n benzene solvent . 
T h e p r i n c i p a l tools used i n this invest igat ion were high p r e s s u r e h y d r o -
genation instrumentat ion, 100 M H z and 60 M H z n m r and in f ra red spect rometers 






A 60 MHz Varian A-60 nmr spectrometer and a 100 MHz Japan Optical 
and Electron Co., Ltd. nmr spectrometer were used. 
Infrared spectra were obtained on a Perkin-Elmer 621 Spectrophotometer. 
Inert Atmosphere 
Chemical reactions and manipulations were performed under dry nitrogen 
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at the bench or in a nitrogen filled glove box. 
Analytical 
Halogen analysis was performed by the Volhard method. Magnesium 
analysis was carried out by titration with EDTA. Lithium and sodium analyses 
were carried out by flame photometry. Analysis of gaseous hydrocarbons was 
4 
carried out on a high vacuum line. 
Chemicals 
Benzyl Chloride 
Fischer reagent grade benzyl chloride was distilled under vacuum after 
drying over calcium chloride. 
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Alkyl Halides 
All alkyl halides were Fischer reagent grade, dried over magnesium 
sulfate prior to use and then distilled. 
Lithium Aluminum Hydride 
Lithium aluminum hydride was obtained from Lithium Corporation of 
America and used without further purification. 
Sodium Hydride 
Sodium hydride was obtained from Ventron Inc. 
Alkyllithium 
All alkyllithium compounds were obtained from Lithium Corporation of 
America. 
Diethyl Ether 
Diethyl ether was Baker's reagent (anhydrous) and was distilled from 
lithium aluminum hydride prior to use. 
Magnesium Sulfate 
Magnesium sulfate was Mallinckrodt Analytical Reagent Grade. 
Calcium Chloride 
Calcium chloride was Fischer Certified. 
Benzene 
Fischer Certified thiophene free benzene was distilled from sodium 
aluminum hydride prior to use. 
Triethylaluminum 
Triethylaluminum was obtained from Texas Alkyls Inc. 
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Magnesium 
F i s c h e r ' s G r i g n a r d reagent grade magnesium turnings were used. 
Red is t r ibut ion React ions 
Prepara t ion of D i - s e c - b u t y l m a g n e s i u m 
A one molar solution of sec-buty lmagnesium ch lor ide i n diethyl ether was 
prepared f r o m sec -bu ty l ch lor ide and magnesium metal . A n a l y s i s of the resu l t ing 
solut ion gave the fol lowing analysis: sec-Bu.^ , Mg.^ , The G r i g n a r d 
reagent was re f luxed and benzy l ch lor ide was added i n 250 m m o l a r amounts unt i l 
one mole had been added. Magnesium ch lor ide precipi tated and the precipi tate 
was f i l t e red and washed wi th benzene. The last t race of ether was r e m o v e d by c o -
d is t i l la t ion wi th benzene. A n analysis of the magnesium ch lor ide gave a M g : C l 
ra t io of 1. 00:1.99. Sec-buty l l i th ium solut ion i n cyclohexane was added at 40° to 
the magnesium ch lor ide so that the mola r ra t io of sec -buty l l i th ium to magnesium 
ch lor ide was 1. 00:0.75. The solut ion was s t i r r e d f o r 24 h o u r s . L i t h i u m ch lor ide 
precipi tated leaving d i - sec -bu ty lmagnes ium in a m i x e d solvent of benzene and c y c l o ­
hexane . The l i th ium ch lor ide was f i l te red and the solvent removed i n vacuo. Ha l f 
of the product was r e d i s s o l v e d i n 500 m l . of d iethyl ether and the other hal f was 
r e d i s s o l v e d i n benzene. A n n m r of the resu l t ing solut ion was consistent w i th the 
spect rum repor ted by K a m i e n s k i 1 f o r d i -sec -bu ty lmagnes ium: a quartet at 8.13T, 
a doublet at 8 . 4 3 T , a t r ip le t at 8 . 7 6 T , and a mult iplet at 9 . 7 6 T . 
Prepara t ion of Magnesium H y d r i d e by React ion of L i t h i u m A luminum H y d r i d e 
and Diethylmagnesium 
F i f t y m l . of a diethylmagnesium ethereal solut ion (0.5M) was s t i r r e d wi th 
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25 m l . of a l i th ium aluminum hydr ide ethereal solution (0 .5M) . 
(1) 2 E t 2 M g + L i A l H 4 -> 2 M g H ^ + L i A l E t ^ 
Magnesium hydr ide precipi tated immediately and after the suspension was s t i r r e d 
fo r a per iod of 2 h o u r s , the resu l t ing 25 mmoles of magnesium hydr ide was f i l ­
te red and washed wi th d iethyl e ther . 
React ion of Magnesium H y d r i d e and D i - s e c - b u t y l m a g n e s i u m i n Die thy l E t h e r 
T w e n t y - f i v e mmoles of magnesium hydr ide were s t i r r e d wi th an ethereal 
solution of 25 mmoles of d i -sec -bu ty lmagnes ium f o r 24 h o u r s . The mix ture was 
then f i l t e red , the res idue washed with diethyl ether and f ina l ly d r ied i n vacuo. 
A n a l y s i s of the res idue showed only magnesium and hydrogen present in the ra t io 
of 1.00:2. 05. A n a l y s i s of the solut ion showed only the presence of butane and 
magnesium i n ra t io of 1:98:1.00. In f ra red analysis of the res idue showed the 
broad magnesium-hydrogen stretching band f r o m ~800 c m 1 to ~540 c m 1 . The 
n m r spect rum of the solut ion was the same as that of d i -sec -buty lmagnes ium: 
a quartet at 8.39T , a doublet at 8 .76 T , a t r ip le t at 9.43T, and a mult iplet at 
1 0 . 5 7 T . 
React ion of Magnesium Hydr ide and D i - s e c - b u t y l m a g n e s i u m i n Die thy l E t h e r 
using a Cata ly t ic Amount of T r i e t h y l a l u m i n u m 
The react ion above was repeated wi th the except ion that two to three drops 
of t r ie thy la luminum were added. T h e res idue again showed only the presence of 
magnesium and hydrogen in ra t io of 1. 00:2.02. The solut ion was h y d r o l y z e d and 
exhibited a butane:magnesium ra t io of 2.06:1.00. 
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React ion of Magnesium Hydr ide and D i - s e c - b u t y l m a g n e s i u m i n Benzene Solvent. 
T w e n t y - f i v e mmoles of magnesium hydr ide that had been washed wi th 
benzene was added to 25 mmoles of d i -sec -bu ty lmagnes ium i n benzene solvent . 
The mix ture was s t i r r e d o v e r a per iod of 24 h o u r s . The mixture was then f i l ­
tered and analyzed. The res idue exhibited a M g : H ra t io of 1.00:2.06. The f i l ­
t rate exhibited a butane:Mg ra t io of 1.98:1.00. 
React ion of Magnesium H y d r i d e and D i - s e c - b u t y l m a g n e s i u m in Benzene Solvent 
using a Cata lyt ic Amount of T r i e thy la luminum 
The above react ion was repeated wi th the except ion that 2 to 3 drops of 
t r ie thy la luminum were added to the react ion v e s s e l . The mix ture was f i l te red 
and the f i l t rate exhibited a butane:Mg ra t io of 2. 01:1.00. The res idue exhibited 
a M g : H ra t io of 1.00:1.96. 
Magnesium H y d r i d e f r o m the Hydrogeno lys is of D i - s e c - b u t y l m a g n e s i u m i n E t h e r 
and Benzene Solvents 
F i f t y m l . of an ethereal solut ion of d i -sec -bu ty lmagnes ium (0.5M) was 
hydrogenolyzed at 3,000 p s i and 50° over a per iod of 8 h o u r s . The solut ion and 
precipi tate were f i l t e r e d . A n a l y s i s of the solution showed no magnesium present . 
The res idue analys is exhibited a M g : H ra t io of 1.00:2. 04. 
The hydrogenolys is was repeated exact ly as above wi th 50 m l . of a benzene 
solut ion of d i -sec -bu ty lmagnes ium (0 .5M) . A f t e r f i l t ra t ion the f i l t ra te showed no 
magnesium present . The res idue exhibited a M g : H r a t i o of 1.00:2.08. The mag­
nesium hydr ide produced by the above method was used i n the r e d i s t r i b u t i o n 
react ions repor ted below in place of the magnesium hydr ide produced f r o m l i th ium 
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aluminum hydr ide and diethylmagnesium repor ted e a r l i e r i n this thes is . 
React ion of Magnesium H y d r i d e and D i - s e c - b u t y l m a g n e s i u m i n Die thy l E t h e r 
T w e n t y - f i v e mmoles of magnesium hydr ide and 25 mmoles of d i - s e c - b u t y l ­
magnesium i n an ethereal solut ion were s t i r r e d over a 24 hour p e r i o d . F i l t r a t i o n 
and analys is of the f i l t rate exhibited a butane:Mg ra t io of 1.94:1. 00. A n a l y s i s of 
the res idue exhibited a M g : H ra t io of 1.00:1.94. 
React ion of Magnesium H y d r i d e and D i - s e c - b u t y l m a g n e s i u m i n Die thy l E t h e r 
us ing a Cata lyt ic Amount of T r i e t h y l a l u m i n u m 
T h e above react ion was repeated wi th the except ion that 2 to 3 drops of 
t r ie thy la luminum were added to the react ion m i x t u r e . A f t e r f i l t ra t ion the f i l t ra te 
exhibited a butane: M g ra t io of 2.01:1.00. T h e res idue exhibited a M g : H ra t io 
of 1.00:1.98. 
React ion of Magnesium H y d r i d e and D i - s e c - b u t y l m a g n e s i u m i n Benzene Solvent 
T w e n t y - f i v e mmoles of magnesium hydr ide and 25 mmoles of a benzene 
solut ion of d i - sec -bu ty lmagnes ium were s t i r r e d together f o r a 24 hour p e r i o d . 
F i l t r a t i o n of the mix ture and subsequent analysis of the f i l t rate gave a butane: 
M g r a t i o of 1.96:1. 00. A n a l y s i s of the res idue gave a M g : H r a t i o of 1.00:2.08. 
React ion of Magnesium H y d r i d e and D i - s e c - b u t y l m a g n e s i u m i n Benzene Solvent 
us ing a Cata ly t ic Amount of T r i e t h y l a l u m i n u m 
T h i s reac t ion was c a r r i e d out exact ly as the above reac t ion wi th the 
except ion that 2 to 3 drops of t r ie thy la luminum were added to the react ion v e s s e l . 
A f t e r f i l t ra t ion the res idue exhibited a M g : H r a t i o of 1.00:1.96. The f i l t ra te 
exhibited a butane:Mg ra t io of 2.06:1.00. 
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React ion of D i -sec -bu ty lmagnes ium and L i th ium Aluminum Hydr ide i n E therea l 
Solution 
One hundred m l . of an ethereal solut ion of d i -sec -buty lmagnes ium (0.5M) 
was desolvated i n vacuo to give 50 mmoles of the neat reagent . T o this neat 
reagent was added 25 ml of a 0.5M ethereal solut ion of l i th ium aluminum hydr ide 
(12.5 mmoles) . The mix ture was s t i r r e d o v e r a 24 hour p e r i o d . The solut ion 
remained c lear fo r approximate ly 2 h o u r s , then a white precipi tate began to f o r m . 
A f t e r a 24 hour s t i r r i n g per iod the mix ture was f i l te red and analyzed. The r e s i ­
due gave the fol lowing A l : M g : H r a t i o , 0.05:1.00:1.92. The solut ion gave the 
fol lowing L i :Al :butane:Mg ra t io , 1. 00:0.98:8.16:2. 05. In f ra red analys is of the 
f i l t ra te showed an absorbance at 522 c m 1 and at 1805 cm 
React ion of D i - s e c - b u t y l m a g n e s i u m and L i th ium A luminum Hydr ide i n Benzene 
Solvent 
T w o hundred m l . of a benzene solut ion of d i -sec -bu ty lmagnes ium (0.5M) 
and 0.950 g (25 mmoles) of l i th ium aluminum hydr ide were s t i r r e d together f o r 
a 24 hour p e r i o d . The mix ture was f i l te red and analyzed. The f i l t ra te gaye the 
fol lowing Mg:butane r a t i o , 1. 00:2.01. The res idue gave the fol lowing L i : A l : H 
r a t i o , 1.00:0.98:4.05. 
Prepara t ion of U n s y m m e t r i c a l D i a l k y l Magnesium Compounds 
Prepara t ion of a Methy l -sec -bu ty lmagnes ium 
F i v e hundred m l . of a one m o l a r ethereal sec-buty lmagnesium ch lor ide 
solut ion was p r e p a r e d . T o this solut ion was added 396 m l . of a 1.26M ethereal 
solut ion of methy l l i th ium. L i t h i u m ch lor ide started precip i ta t ing immediate ly 
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wi th the generat ion of some heat. The mix ture was s t i r r e d over a 12 hour p e r i o d , 
and then f i l t e r e d . A n a l y s i s of the supernatent l iqu id s t i l l showed the presence of 
l i th ium. T h i s was expected since l i th ium chlor ide is s l ight ly soluble in diethyl 
e ther . The supernatent solution was desolvated at 40° in vacuo o v e r a 12 hour 
p e r i o d . F i v e hundred m l . of benzene was then added to the react ion v e s s e l f o l ­
lowed by a two hour s t i r r i n g p e r i o d . The solut ion was then f i l te red and the s u p e r ­
natent l iqu id analyzed fo r l i th ium. L i th ium was found to be absent. F u r t h e r 
analysis of the solut ion gave the fol lowing butane:Mg:methane ra t io , 1. 00:1.00:1.02. 
T w o hundred f i f ty m l . of the solut ion was then desolvated at 40° i n vacuo over a 
24 hour p e r i o d . The res idue was then r e d i s s o l v e d in d iethyl e ther . T h e r e were 
then two solutions of methy l -sec -buty lmagnes ium; 250 m l . of a 0.5M solut ion i n 
benzene and a l ike concentrat ion in d iethyl e ther . N m r spect ra of the ethereal 
and benzene solutions were obtained: The benzene solut ion gave a quartet at 8.43T, 
a doublet at 8.80T , a t r ip le t at 9.47T , a mult ip let at 1 0 . 6 I T , and a singlet at 
11.30T. The ether solut ion showed the fol lowing absorpt ions: A quartet at 8.05T, 
a doublet at 8.28T , a t r ip le t at 8.49T , a mult ip let at 9.17T, and a singlet at 11.3Or. 
P repara t ion of Pheny l -sec -buty lmagnes ium 
F i v e hundred m l . of a 0.5M ethereal solut ion of sec -bu ty lch lo r ide was 
prepared i n the usual manner. T o this solution was added 380 m l . of a 1.32 M 
solut ion of phenyl l i th ium. (Phenyl l i th ium solvent was a mix ture consist ing of 70 
percent benzene and 30 percent d iethyl e t h e r . ) L i t h i u m ch lor ide started to p r e c i p i ­
tate immediate ly and some heat was evo lved . The mix ture was s t i r r e d o v e r a 24 
hour p e r i o d . The solut ion was then f i l tered and desolvated at 40° i n vacuo. 
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F i v e hundred m l . of benzene was then added to the react ion v e s s e l , fol lowed by 
additional s t i r r i n g f o r two h o u r s , and r e - f i l t r a t i o n . L i th ium was found to be 
absent f r o m solut ion. T w o hundred f i f ty m l . of the solution was desolvated at 40° 
in vacuo and r e d i s s o l v e d in diethyl e ther , g iv ing two solutions of 250 m l . (0 .5M); 
one in a benzene solvent and one in an ether solvent . N m r spectra indicated a 
phenyl: sec -bu ty l r a t i o of 1:1. Elemental analysis showed a Mg:butane ra t io of 
1.00:1.05. The n m r indicated the compound in benzene existed as an etherate 
complex: The benzene solution spectra showed a phenyl group mult iplet at 7.98T, 
a doublet at 8.38T , a t r ip le t at 8.72T , and a mult iplet at 9.88T . The ethereal 
solut ion gave the fol lowing absorpt ions: A phenyl mult iplet centered at 2.64T, a 
mult iplet at 8.3IT, a doublet at 8.62T, a t r ip le t at 9 .02T and a mult iplet at 9. 65T. 
Prepara t ion of n -bu ty l -sec -bu ty lmagnes ium 
T o a s l u r r y of 0.5 moles of activated magnesium ch lor ide (preparat ion 
descr ibed p r e v i o u s l y in this thesis under Prepara t ion of D i -sec -bu ty lmagnes ium) 
i n 100 m l of benzene was added 395 ml of a 1.27M solut ion of sec -buty l l i th ium i n 
hexane solvent . T h e mix tu re was s t i r r e d over a two hour p e r i o d . T h e n 450 m l 
of a 1.11M solut ion of n -buty l l i th ium was added and s t i r r e d over a 12 hour p e r i o d . 
A n a l y s i s of the supernatent solut ion exhibited a Mg:butane r a t i o of 1.00:2.04. T h e 
solut ion was d iv ided i n hal f and each por t ion desolvated at 40° in vacuo. D ie thy l 
ether was added to one por t ion and benzene to the other . N m r spectra of each 
solut ion were obtained: The ether solut ion gave a mult iplet at 7.18T, a mult ip let 
at 8 . 2 0 T , a doublet at 8. 62T, a t r ip le t at 8.95T, and a mult ip let at 10.68T. The 
benzene solut ion gave the fol lowing absorpt ions: a mult ip let at 8 . 1 0 T , a mult ip let 
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at 8.30T , a mult iplet at 8.45 T , a mult iplet at 8. 6 0 T , a mult iplet at 8. 8 0 T , and 
a mult iplet at 9.80 T . 
N-buty l -sec -bu ty lmagnes ium was also prepared by adding 100 ml of 1M 
d i -sec -bu ty lmagnes ium in benzene to 100 mmoles of neat d i -n -buty lmagnes ium 
and s t i r r i n g f o r 24 h o u r s . The complet ion of react ion was noted by disappearance 
of insoluble d i -n -bu ty lmagnes ium. 
Prepara t ion of n -buty l -sec -buty lmagnes ium Tr ie thy lamine Complex 
F i v e hundred m l . of a one mola r n-butylmagnesium chlor ide t r ie thylamine 
complex i n benzene solvent was prepared according to the method developed by 
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A s h b y , et a l . T o this solution was added 379 ml of a 1.32M sec -buty l l i th ium 
solut ion in hexane. A white precipitate of l i th ium chlor ide formed immediate ly 
wi th the evolut ion of some heat. The solut ion was s t i r r e d over a 24 hour per iod 
and then f i l t e red . A n a l y s i s of the solut ion gave a Mg:butane ra t io of 1. 00:2. 00. 
H y d r o g e n o l y s i s of D ia lky lmagnesium Compounds 
H y d r o g e n o l y s i s of D i - s e c - b u t y l m a g n e s i u m in Die thy l E t h e r 
F i f t y m l of a one mola r d i - sec -bu ty lmagnes ium diethyl ethereal solut ion 
was hydrogenolyzed at 3000 ps i and 50° f o r a two hour p e r i o d . Examinat ion of 
the solut ion at this t ime showed that a smal l amount of white precipi tate had 
f o r m e d . A n a l y s i s of the sol id showed a M g : H ra t io of 1. 00:1.97. A n a l y s i s of 
the solut ion showed a Mg:butane ra t io of 1. 00:2. 01. A f t e r f i l t ra t ion this same 
solut ion was hydrogenolyzed fo r an additional two hour per iod us ing the condit ions 
stated p r e v i o u s l y . A t the end of this react ion t ime, the solut ion contained a la rge 
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amount of white precip i ta te . A n a l y s i s of the solution revea led that the solut ion 
was 0. 68M in magnesium and the butane:Mg ra t io was 2. 01:1. 00. The sol id 
exhibited a M g : H ra t io of 1. 00:1.98. The supernatent solution was again h y d r o -
genolyzed f o r another two hour per iod using prev ious condit ions. A t the end of 
this react ion time the solut ion was f i l te red and analyzed. T h e analysis of the 
f i l t ra te showed no magnesium o r active butyl groups to be present . The so l id 
exhibited a M g : H ra t io of 1. 00:2. 01. 
H y d r o g e n o l y s i s of D i - s e c - b u t y l m a g n e s i u m i n Benzene 
F i f t y m l of a one molar solut ion of d i -sec -bu ty lmagnes ium i n benzene 
was hydrogenolyzed at 3000 ps i and 50° f o r a two hour p e r i o d . A t the end of 
this react ion time a smal l amount of white precipi tate was noted. A n a l y s i s of 
the so l id showed a M g : H ra t io of 1. 00:1.94. A n a l y s i s of the solut ion showed a 
Mg:butane ra t io of 1. 00:1.98. The solut ion was hydrogenolyzed fo r an additional 
two hour p e r i o d . A large amount of precipi tate was noted after this react ion 
p e r i o d . A n a l y s i s of the solut ion gave the fol lowing resu l ts : M g = 0. 54 m o l a r ; 
Mg:butane ra t io = 1. 00:2. 05. The sol id gave the fol lowing M g : H ra t io ; 1. 00:2. 02. 
The supernatent solut ion was hydrogenolyzed f o r another two hour p e r i o d . A f t e r 
f i l t ra t ion , analys is of the solut ion indicated no magnesium o r active buty l groups 
present . A n a l y s i s of the so l id gave the fol lowing: Mg , H . A n I n f r a r e d 
J.. \ J \ ) Ci • UO 
spect rum was taken of the so l id . B r o a d absorpt ion f r o m 800 c m 1 to 540 c m 1 
was observed . 
H y d r o g e n o l y s i s of n -bu ty l -sec -bu ty lmagnes ium i n D ie thy l E t h e r 
One hundred m l . of a one m o l a r 1 n -bu ty l -sec -bu ty lmagnes ium ethereal 
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solut ion was hydrogenolyzed for a four hour per iod at 3000 psi and 50 . E x a m i ­
nation of the solut ion showed a minute amount of white precipi tate present that 
could not be r e c o v e r e d . A n a l y s i s of the supernatent l iqu id gave a Mg:butane:H 
r a t i o of 1. 00:1. 82:0.19. The supernatent l iqu id was then hydrogenolyzed under 
the same condit ions fo r an additional one hour p e r i o d . A minute amount of white 
precipi tate was present but again could not be r e c o v e r e d . A n a l y s i s of the s u p e r ­
natent solut ion gave the fol lowing: Mg:butane:H = 1. 00:1.51:0.52. The supernatent 
solut ion was hydrogenolyzed fo r another one hour per iod under the same condit ions 
as p r e v i o u s l y stated. A t the end of this react ion t ime, a la rge amount of white 
precipi tate was noted. A f t e r f i l t ra t ion analysis of the so l id product gave a M g : H 
r a t i o of 1.00:2.02. 
A n n m r spect rum of the supernatent solut ion at the end of a f ive hour per iod 
of hydrogeno lys is at 3000 ps i and 50° showed that the s e c - b u t y l group absorbance 
had d imin ished. No new absorbance was noted. The n m r spect rum of the s u p e r ­
natent at the end of a s ix hour per iod of hydrogeno lys is at 3000 ps i and 50° i n d i ­
cated that the s e c - b u t y l group was absent, however the n-buty l group absorbance 
was present . No new absorbances were noted. 
A new 100 m l solut ion of n -bu ty l -sec -buty lmagnes ium (1. 0 molar ) was 
o 
hydrogenolyzed f o r two hours at 80 and 3000 p s i . A la rge amount of precipi tate 
was found to be present at the end of the react ion t ime. A n a l y s i s of the s u p e r ­
natent solut ion gave the fol lowing: Mg:butane = 1. 00:2. 06. A n a l y s i s of the so l id 
gave the fol lowing: M g : H = 1. 00:1.92. N m r analysis of the solut ion revea led the 
absence of s e c - b u t y l g roups . 
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H y d r o g e n o l y s i s of n -buty l -sec -buty lmagnes ium i n Benzene 
One hundred ml of a one molar solut ion of n -bu ty l -sec -buty lmagnes ium 
in benzene was hydrogenolyzed at 3000 ps i and 50° for a four hour p e r i o d . The 
solut ion contained a minute amount of white precipi tate which was not r e c o v e r a b l e . 
A f t e r f i l t ra t ion the solut ion gave the fol lowing analysis: Mg:butane:H = 1. 00:1.78: 
0.25. T h e supernatent solut ion was hydrogenolyzed again for a one hour per iod 
under the condit ions p r e v i o u s l y stated. T h i s solution also contained an u n r e c o v ­
erable amount of white precip i tate . A n a l y s i s of the supernatent solut ion gave the 
fol lowing: Mg:butane:H = 1.00:1.48:0.56. H y d r o g e n o l y s i s of the supernatent s o l u ­
t ion for an additional hour under the condit ions p r e v i o u s l y stated produced a 
solut ion which contained a la rge amount of white precip i ta te . A f t e r f i l t ra t ion the 
solut ion analysis was: Mg:butane = 1. 00:1. 94 and the sol id analysis was: M g : H = 
1. 00:2. 02. The nmr spectrum of the solut ion after a f ive hour react ion per iod 
o 
at 50 and 3000 ps i showed the intensi ty of the sec -bu ty l group d imin ished. The 
n m r spect rum of the solut ion after a s ix hour per iod of hydrogeno lys is at 50° and 
3000 ps i showed the absence of the sec -bu ty l group. No new absorbance was 
observed in e i ther n m r spect rum. 
A new 100 ml por t ion of a one molar solut ion of n - b u t y l - s e c - b u t y l - m a g n e s i u m 
in benzene was hydrogenolyzed at 80° and 3000 ps i for a two hour p e r i o d . A la rge 
amount of white precipi tate was formed. A f t e r f i l t ra t ion the solut ion analysis was: 
Mg:butane = 1. 00:2. 04. The sol id analysis gave the fol lowing resu l ts : M g : H = 
1. 00:1.98. T h e n m r spect rum of the solut ion showed the absence of a s e c - b u t y l 
g roup . 
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H y d r o g e n o l y s i s of Pheny l -sec -buty lmagnes ium in D ie thy l E t h e r 
One hundred m l of a one molar ethereal solut ion of p h e n y l - s e c - b u t y l ­
magnesium was hydrogenolyzed fo r a f ive hour per iod at 50° and 3000 p s i . A n 
unrecoverab le amount of white precipi tate was present . A n a l y s i s of the s u p e r ­
natent solut ion after solvent r e m o v a l gave the fol lowing analysis: benzene:Mg: 
butane:H = 1. 00:1. 00:0.50:0.50. The n m r spect rum of the solut ion showed a 
decrease i n the intensity of the absorbance of the s e c - b u t y l group and no new 
absorbance was observed . Hydrogeno lys is of the solut ion f o r another one hour 
per iod at 50° and 3000 ps i produced a la rge amount of white precip i tate . F i l t r a ­
t ion and subsequent analysis of the f i l t rate gave the fol lowing: Mg:benzene = 
1.00:1.90. A n a l y s i s of the res idue gave the fol lowing analysis: M g : H = 1. 00:1.96. 
The nmr spect rum of this solut ion showed the absence of the s e c - b u t y l group. 
H y d r o g e n o l y s i s of Pheny l -sec -buty lmagnes ium E t h e r ate i n Benzene 
One hundred m l . of a one molar solut ion of pheny l -sec -buty lmagnes ium 
etherate i n benzene was hydrogenolyzed at 50° and 3000 ps i fo r a f ive hour p e r i o d . 
A n unrecoverab le amount of white precipi tate was present . A n a l y s i s of the f i l t ra te 
gave the fol lowing: Mg:butane-.H = 1. 00:0.52:0.47. The nmr spect rum of the s o l u ­
t ion showed the phenyl group to be present i n undiminished intensi ty , and the s e c -
buty l group to be present i n diminished in tensi ty . No new absorbances were 
o b s e r v e d . Continued hydrogenolys is of the solut ion fo r another one hour per iod 
under the same condit ions shown above produced a large amount of precipi tate i n 
the solut ion. A n a l y s i s of the solut ion showed no butane present and the n m r spec ­
t r u m showed the absence of the sec -bu ty l group. T h e f i l te red so l id gave the 
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fol lowing: M g : H = 1. 00:2. 02. 
One hundred ml of a one molar ethereal solut ion of m e t h y l - s e c - b u t y l ­
magnesium was hydrogenolyzed at 50° and 3000 ps i for a f ive hour p e r i o d . A n 
unrecoverab le amount of a white precipi tate was present i n the solut ion. Subse­
quent analysis of the supernatent l iqu id gave the fol lowing resu l t : methane:Mg: 
butane:H = 1. 00:1. 00:0.55:0.51. (In analysis the methane and hydrogen could 
not be separated and the i r combined ra t ios was [ H + M e ] = 1.51). The n m r 
spect rum showed a ra t io of s e c - B u to Me of approximate ly 0.5:1. No new a b s o r -
bances were observed . Hydrogeno lys is of the solut ion fo r another one hour 
o 
per iod at 50 and 3000 ps i produced a la rge amount of white precipi tate which 
was analyzed after f i l t ra t ion and gave the fol lowing resu l ts : M g : H = 1. 00:2. 03. 
The n m r spect rum of the solut ion showed the presence of only methyl groups and 
no s e c - b u t y l group. No new absorbance was observed . The analysis of the s o l u ­
t ion gave the fol lowing resu l ts : Mg:methane = 1.00:2. 01. 
H y d r o g e n o l y s i s of Methy l -sec -bu ty lmagnes ium Etherate i n Benzene 
One hundred ml of a one mola r methy l -sec -buty lmagnes ium etherate i n 
benzene solvent was hydrogenolyzed at 50° and 3000 ps i fo r a f ive hour p e r i o d . 
A n unrecoverab le amount of a white precipi tate was present in the solut ion. 
A n a l y s i s of the solut ion gave the fol lowing resu l ts : methane: Mg:butane:H = 
1. 00:1. 00:0.53:0.52. (As i n the prev ious hydrogeno lys is of this compound in 
ether solvent , the methane and hydrogen could not be separated and actual analy­
s is was [ H + M e ] = 1.52. The n m r spect rum of the solut ion indicated a methyl 
H y d r o g e n o l y s i s of a Methy l -sec -bu ty lmagnes ium in D ie thy l E t h e r 
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to s e c - b u t y l ra t io of 1:0.5). No new absorbances were observed by n m r . H y d r o ­
genolys is of the solut ion fo r another one hour per iod at 50° and 3000 ps i produced 
a la rge amount of white precipi tate which was analyzed after f i l t ra t ion and gave 
the fol lowing resu l t : M g : H = 1. 00:1.96. The supernatent solut ion was analyzed 
and gave the fol lowing r e s u l t s : Mg:methane = 1. 00:2. 01. The n m r spect rum 
revealed no sec -bu ty l group present , however a h igher type of methyl group was 
present i n the solut ion. No new n m r absorbances were observed . 
Hydrogeno lys is of the T r i e t h y l a m i n e Complex of n - B u t y l - s e c - B u t y l m a g n e s i u m 
i n Benzene Solvent 
One hundred m l of a one molar solut ion of the t r ie thy lamine complex of 
n -bu ty l -sec -buty lmagnes ium i n benzene was hydrogenolyzed at 50° and 3000 ps i 
fo r a f ive hour p e r i o d . The resu l t ing solut ion was s l ight ly c loudy. When f i l te red 
no res idue was r e c o v e r e d but the solut ion was c l e a r . The analysis of the solut ion 
gave the fol lowing: Mg:butane:H = 1. 00:1. 00:0.97. H o w e v e r , the solut ion became 
cloudy after one-hal f hour and precip i tat ion of a white sol id commenced. The 
precipi tate was analyzed and gave the fol lowing resu l ts : M g : H = 1. 00:2. 05. The 
solut ion analyzed after a 24 hour pe r iod , gave the fol lowing resu l ts : Mg:butane:H = 
1.00:2.20:0.0. 
M o l e c u l a r Weight Determinat ion of P a r t i a l l y Hydrogenated 
Dia lky lmagnesium Compounds 
I f i t i s assumed that a single compound ex is ts as solute i n the p a r t i a l l y 
hydrogenated solutions of mixed d ia lky l (ayr l ) magnesium compounds, the analyt ical 
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data suggest s implest formulas of the type ( R M g H - R / M g R ) . On the bas is of this 
assumption, molecular weights were determined in both diethyl ether and benzene 
solvents . Mo lecu la r weight determinations in diethyl ether were per formed 
7 
ebul l ioscopica l ly by a method developed by F . W. Walker and E . C . A s h b y . 
M o l e c u l a r weight determinations in benzene were determined by f reez ing point 
depress ion . Tab les of the data obtained are contained i n the Appendix . 
L o w Tempera ture N m r P r o f i l e of M e t h y l - s e c - B u t y l m a g n e s i u m -
Methy l Magnesium Hydr ide Complex in D ie thy l E t h e r 
Spectra of a 0.30M solut ion of par t i a l l y hydrogenated m e t h y l - s e c - b u t y l ­
magnesium ( s - C H M g C H • C H MgH) i n diethyl ether were r e c o r d e d success ive ly 
f r o m r o o m temperature to -80°. A t r o o m temperature a single sharp peak f o r 
the methyl group was observed at 11.30T. A t 0° the intensi ty of the methyl peak 
was s l ight ly l e s s than at r o o m temperature and the posi t ion of the peak had shifted 
to 11. 37T. A s the temperature was lowered to -20° the methyl signal shifted to 
11. 39T and the intensi ty of the signal was s l ight ly broadened. A t -40° the methyl 
s ignal shifted to 11.41T and broadened. A t -60° the methyl signal became quite 
broad and asymmetr ic i n shape and i t centered at approximate ly 11.45T. A t -80° 
the methyl signal had been r e s o l v e d into two asymmetr ic peaks of equal in tensi ty . 
One signal was located at 11.15T and the other signal at 11. 68T. A t l o w e r t emper ­
atures the complex began to prec ip i ta te . 
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C H A P T E R m 
D I S C U S S I O N A N D R E S U L T S 
Redis t r ibut ion React ions 
Magnesium hydr ide produced f r o m the react ion of l i th ium aluminum 
hydr ide wi th diethylmagnesium [ r e a c t i o n (1)] was s t i r r e d o v e r a 24 hour per iod 
wi th d i -sec -bu ty lmagnes ium i n the hope that red is t r ibu t ion would take place 
[ react ion (2)]. 
(1) 2 E t M g + L i A l H . •+ 2 MgH_ 1 + L i A l E t . 
2 4 2 4 
(2) M g H + (sec -Bu) M g s e c - B u M g H 
A n a l y s i s of the solut ion revea led however that r e d i s t r i b u t i o n fai led to take place 
and the reactants were r e c o v e r e d . 
Al though magnesium hydr ide produced f r o m l i th ium aluminum hydr ide i s 
contaminated w i th some aluminum, i t was thought that a catalyt ic amount of 
t r ie thy la luminum might induce r e d i s t r i b u t i o n . A g a i n r e d i s t r i b u t i o n fai led to take 
place i n d iethyl ether o r benzene. 
T h e r e d i s t r i b u t i o n reac t ion was repeated using magnesium hydr ide obtained 
b y hydrogeno lys is of d i -sec -bu ty lmagnes ium [ r e a c t i o n ( 3 ) ] . 
(3) ( s e c - B u ) 2 M g 3 0 0 0 p s i > 5 0 » > M g H ^ + 2 
8 hours 
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T h i s source of magnesium hydr ide was used in the hope that a p u r e r and more 
react ive f o r m of M g H might be more successful in the red is t r ibu t ion reac t ion . 
Li 
H o w e v e r , the analysis of the resul t ing solution and res idue after a 24 hour per iod 
indicated that red is t r ibu t ion had fai led to take place in d iethyl ether o r benzene. 
A catalyt ic amount of t r ie thy la luminum was again added to both the ethereal 
and the benzene red is t r ibu t ion react ion v e s s e l s . A f t e r a 24 hour s t i r r i n g per iod 
analysis again indicated that red is t r ibu t ion had fai led to take place i n e i ther solvent . 
A n ethereal solut ion of l i th ium aluminum hydr ide was s t i r r e d with neat 
d i -sec -buty lmagnes ium in a molar ra t io of 4:1 r e s p e c t i v e l y . It was expected that 
the reac t ion would proceed according to the fol lowing equation: 
(4) L i A l H + 4 (sec-Bu) M g L i A l ( s e c - B u ) + 4 s e c - B u M g H 
It was anticipated that both sec-buty lmagnesium hydr ide and l i th ium t e t r a - s e c -
butyl aluminate would be soluble i n ether . The solut ion remained c lear for about 
two h o u r s , then a white precipi tate began to f o r m . The rate of prec ip i ta t ion i n ­
c reased wi th t ime. A f t e r 24 hours the precipi tate and solut ion were analyzed. 
The precipi tate was shown to be magnesium h y d r i d e . The solution analys is and 
i n f r a r e d absorpt ions at 1805 c m 1 ( A 1 - C stretch) and 522 c m " 1 ( M g - C stretch) 
indicated L i A l s e c - B u ^ and ( s e c - B u ) 2 M g were present . T h e r e f o r e the actual 
reac t ion would appear to be the fol lowing: 
(5) L i A l H 4 + 4 ( s e c - B u ) 2 M g -> 2 M g H 2 * + L i A l ( s e c - B u ) 4 + 2 ( s e c - B u ) 2 M g 
T h e react ion of d i -sec -bu ty lmagnes ium and l i th ium aluminum hydr ide i n 
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benzene solvent was init iated by adding 25 mmoles of neat l i th ium aluminum 
hydr ide to 100 mmoles of d i -sec -buty lmagnes ium benzene solut ion. The expec ­
ted react ion was as fol lows: 
(6) 4 (sec-Bu) M g + L i A l H -» L i A l ( s e c - B u ) + 4 s e c - B u M g H 
^ 4 4 
A f t e r a 24 hour s t i r r i n g per iod the solut ion s t i l l contained a g ray so l id . A n a l y s i s 
of the so l id and the solut ion indicated no react ion had o c c u r r e d and the reactants 
were r e c o v e r e d unchanged. 
H y d r o g e n o l y s i s of U n s y m m e t r i c a l D i a l k y l 
Magnesium Compounds 
H y d r o g e n o l y s i s of d i -sec -bu ty lmagnes ium i n d iethyl ether f o r any length 
of t ime produced only magnesium h y d r i d e . No hydrogenated a lky l -magnes ium 
product was e v e r found in solut ion o r in the prec ip i ta te . T h i s would seem r e a s o n ­
able since l i t t le di f ference i n the ease of c leaving the a lky l groups would be expec ­
ted and also i t i s possible that i f an R M g H compound were fo rmed , i t might r e d i s ­
t r ibute to M g H and M g R . The nature of the solvent seemed to have no effect on 
the reac t ion . 
H y d r o g e n o l y s i s of unsymmetr ica l d ia lky l (a ry l )magnes ium (RMgR' ) reagents 
was attempted using a lky l groups that are v e r y di f ferent i n ease of c leavage. The 
s e c - b u t y l group can be removed under r e l a t i v e l y m i l d condit ions compared to a 
phenyl , methy l , o r n -buty l group. So, the compounds used in the hydrogeno lys is 
studies were sec-buty l -pheny lmagnes ium ( P h M g s e c - B u ) , sec -buty l -methy lmagnes ium 
( M e M g s e c - B u ) , and sec -bu ty l -n -bu ty lmagnes ium ( n - B u M g s e c - B u ) wh ich were expected 
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to produce P h M g H , M e M g H and n - B u M g H , r e s p e c t i v e l y . The hydrogeno lys is of 
a l l three compounds were c a r r i e d out i n both ether and benzene solvent . 
H y d r o g e n o l y s i s of a l l three compounds f o r l ess than about f ive hours only 
produced a minute white precipitate (s l ight ly c loudy solution) that could not be 
r e c o v e r e d f o r ana lys is . T h i s white precipi tate was probably magnesium h y d r i d e . 
H y d r o g e n o l y s i s f o r more than f ive hours resu l ted i n a s y m m e t r i c a l d ia lky l mag­
nesium compound and magnesium h y d r i d e . Hydrogeno lys is f o r f ive hours r e s u l ­
ted i n a pa r t i a l l y hydrogenated soluble p r o d u c t . T h e fol lowing equations descr ibe 
condit ions and products of h y d r o g e n o l y s i s . In the fol lowing equations R = P h , 
n - B u , o r M e . 
_ _ , _ Benzene o r E t h e r X T _ . . . . i m (7) R M g s e c - B u — — r r g — r> N . R . (cloudy solut ion) . w & < 5 h o u r s , 50°, 3000 ps i \ * / 
, m _ _ Benzene o r E t h e r „ 
(8) 2 R M g s e c - B u 5 h o u r s > 5 o 0 > 3 0 0 0 p s i > " R M g s e c - B u - R M g H " 
n ___ _ Benzene o r E t h e r . _ _ , 
(9) 2 R M g s e c - B u > 5 h o u r S ) 5 q U > ^ p g > R 2 M g + M g H ^ 
The hydrogeno lys is of the t r imethylamine complex of n - b u t y l - s e c - b u t y l ­
magnesium produced the des i red product ( n - B u M g H ' N E t ) o r at least a t e r t i a r y 
amine solvate of the des i red product . However this product d isproport ionated 
qu ick ly on standing. It i s bel ieved that a more bulky amine such as te t ramethy l -
ethylenediamine ( T M E D A ) might stabi l ize the product f o r a longer per iod of t ime; 
however , this approach should be the subject of a separate invest igat ion. 
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Molecu la r Assoc ia t ion 
K a m i e n s k i 1 as p r e v i o u s l y stated in Chapter I postulated the existence of 
par t i a l l y hydrogenated dia lkylmagnesium compounds and suggested that these c o m ­
pounds probably ex is t as d imers o r t r i m e r s . M o l e c u l a r associat ion studies of 
par t i a l l y hydrogenated solutions of R M g s e c - B u , were c a r r i e d out by boi l ing point 
e levat ion in diethyl ether and by f reez ing point depress ion i n benzene. The ana­
l y t i c a l data f r o m these solutions showed approximate ly the fol lowing ra t ios : 
R:Mg:butane:H = 1.00:1.00:0.5:0.5. 
The resu l ts of the molecular associat ion studies are given in the tables in 
the Appendix . Al though the s implest formula of the assumed compound is R M g H -
R M g R i t is more convenient to choose as the " formula weight of solute" the 
weight cor responding to one mole of M g atoms. T h e n the exper imenta l ly d e t e r ­
mined associat ion factor , i , g ives the number of M g atom in the molecule . Resul ts 
of the molecu lar associat ion studies indicate that a l l the products are d i m e r s , i . e . , 
contain two M g atoms, whether i n ether o r benzene. 
A low temperature 100 M H z nmr prof i le of M e M g s e c - B u * M e M g H in diethyl 
ether was c a r r i e d out in o r d e r to support the d imer s t ruc ture indicated by the m o l e c ­
u l a r associat ion studies. A t r o o m temperature the methyl group attached to magnesium 
was observed as a sharp singlet . A s the temperature was lowered the peak broadened 
and shifted to a h igher T va lue . ( F r o m 11.30T at r o o m temperature to 11.41T at 
-60°). A t -80° the methyl signal r e s o l v e d into two peaks of equal in tensi ty , one at 
11.15 and one at 11. 68. T h e two signals for the methyl group are indicat ive of two 
di f ferent environments f o r the methyl group. The lower f ie ld signal i s attr ibuted to 
ImrsTT - . . . . . . . .. • « h w * j w » i 
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the br idg ing methyl group and the h igher f ie ld signal i s attr ibuted to the te rmina l 
methyl group as shown below. 
Based on the fact that molecular associat ion studies indicate that the 
par t i a l l y hydrogenated complex is a d imer and nmr studies indicate a te rmina l 
and br idg ing methyl group of equal in tensi ty , the above s t ruc ture seems reasonable . 
The ether is coordinated to the magnesium i n benzene solvent as we l l as i n ether 
solvent since the complex ex is ts as an etherate i n benzene. 
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C H A P T E R I V 
C O N C L U S I O N S 
I t is c l e a r that a lkylmagnesium hydr ides d isproport ionate to magnesium 
hydr ide and d ia lky lmagnesium compounds regard less of the method of p r e p a r a ­
t ion o r solvent used. Some stabi l i ty toward d ispropor t ionat ion was observed 
when the R M g H compound was complexed to a t e r t i a r y amine. I t i s suggested 
that this stabi l izat ion would be an interest ing p r o b l e m f o r a future invest igat ion. 
P a r t i a l hydrogenat ion of unsymmet r ica l d ia lky lmagnesium compounds 
( R M g R 7 ) where R = P h , Me and n - B u and r ' = s e c - B u , produced compounds of 
e m p i r i c a l fo rmula RMgH* R M g R 7 wh ich were shown by both molecu lar a s s o c i a ­
t ion and low temperature n m r studies to ex is t as a stable mixed hydrogen-methy l 
b r idge compound in solut ion. 
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A P P E N D I X 
31 
Equations Used i n Mo lecu la r Weight Determinat ions of P a r t i a l l y 
Hydrogenolyzed D ia lky l ( A r y l ) Complexes 
Equat ion (1) 
The fol lowing equation was used in determining molecular weights of 
par t ia l ly hydrogenolyzed R M g R ' compounds in ether solvent by boi l ing point 
e levat ion. ^ 
(1000K ) (W ) 
M = - - -
2 ( A T B ) ( W 2 ) 
T e r m Def ini t ions: 
W^ = Weight of solute. 
W = Weight of solvent. 
M^ = F o r m u l a weight of solute. 
M = E x p e r i m e n t a l l y determined weight of solute. 
K g = Bo i l ing point elevation constant (2. 01 fo r diethyl ether at 740 m m 
of p r e s s u r e ) . 
AT = Boi l ing point e levat ion. B 
i = E x p e r i m e n t a l l y determined molecular weight of solute d iv ided by 
the formula weight of the solute. 
Equat ion (2) 
The fol lowing equation was used in determining molecular associat ion of 
3 2 
p a r t i a l l y h y d r o g e n o l y z e d R M g R ' c o m p o u n d s i n b e n z e n e s o l v e n t b y f r e e z i n g p o i n t 
d e p r e s s i o n . 
T e r m D e f i n i t i o n s : 
= W e i g h t o f s o l u t e . 
W 2 = W e i g h t o f s o l v e n t . 
M ^ = F o r m u l a w e i g h t o f s o l u t e . 
M g = E x p e r i m e n t a l l y d e t e r m i n e d w e i g h t o f s o l u t e . 
= F r e e z i n g p o i n t d e p r e s s i o n c o n s t a n t f o r b e n z e n e ( 4 . 9 ) . 
A T f = F r e e z i n g p o i n t d e p r e s s i o n . 
i = E x p e r i m e n t a l l y d e t e r m i n e d m o l e c u l a r w e i g h t o f s o l u t e d i v i d e d 
b y f o r m u l a w e i g h t o f s o l u t e . 
F o r m u l a W e i g h t s o f S o l u t e 
T h e f o r m u l a w e i g h t o f t h e s o l u t e w a s c a l c u l a t e d b y t h e f o l l o w i n g : 
i 
( l O O O K p H W ^ 
( 4 T F ) < W 2 ) 
W h e r e : 
1 / 2 F o r m u l a W e i g h t o f ( R M g R '• R M g H ) 
C o m p l e x F o r m u l a W e i g h t 1 / 2 F o r m u l a W e i g h t 
P h M g s e c - B u - P h M g H 2 6 0 . 7 8 1 3 0 . 3 9 
M e M g s e c - B u - M e M g H 1 3 6 . 7 4 6 8 . 3 7 
n - B u M g s e c - B u - n - B u M g H 2 2 0 . 8 6 1 1 0 . 4 3 
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T a b l e 1 . M o l e c u l a r A s s o c i a t i o n D a t a o f P h M g s e c - B u * P h M g H , 
M e M g s e c - B u - M e M g H , a n d n - B u M g s e c - B u - n - B u M g H 
i n D i e t h y l E t h e r 
W W A T 
F r a c t i o n 1 2 B M o l a l i t y i 
" P h M g s e c - B u - P h M g H " 
1 0 . 5 6 8 3 3 . 2 3 0 . 1 3 9 0 . 1 3 1 1 . 8 9 
2 0 . 7 7 2 3 4 . 8 6 0 . 1 7 1 0 . 1 7 0 1 . 9 9 
3 0 . 9 7 7 3 5 . 2 9 0 . 2 1 3 0 . 2 1 2 1 . 9 9 
" n - B u M g s e c - B u - n - B u M g H " 
1 0 . 4 8 2 3 7 . 4 5 0 . 1 1 7 0 . 1 1 7 2 . 0 0 
2 0 . 7 5 9 3 9 . 9 8 0 . 1 8 1 0 . 1 7 1 1 . 9 0 
3 1 . 0 3 4 4 2 . 5 3 0 . 2 2 6 0 . 2 2 0 1 . 9 5 
" M e M g s e c - B u - M e M g H " 
1 0 . 2 7 6 3 9 . 2 4 2 0 . 1 0 9 0 . 1 0 3 1 . 8 8 
2 0 . 5 4 6 3 9 . 5 4 2 0 . 2 0 3 0 . 2 0 2 1 . 9 9 
3 0 . 8 3 2 3 9 . 9 0 8 0 . 3 0 5 0 . 3 0 5 1 . 9 9 
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T a b l e 2 . M o l e c u l a r A s s o c i a t i o n D a t a o f P h M g s e c - B u - P h M g H , 
M e M g s e c - B u - M e M g H , a n d n - B u M g s e c - B u - n - B u M g H 
i n B e n z e n e 
W W /IT 
F r a c t i o n 1 2 F M o l a l i t y i 
" P h M g s e c - B u - P h M g H " 
1 0 . 3 5 7 3 4 . 7 4 0 . 1 9 8 0 . 0 8 1 . 9 5 
2 0 . 5 7 2 4 2 . 2 2 0 . 2 6 8 0 . 1 0 4 1 . 9 0 
3 0 . 7 9 8 4 9 . 0 0 0 . 2 9 8 0 . 1 2 5 2 . 0 5 
" n - B u M g s e c - B u " n - B u M g H " 
1 0 . 6 6 7 6 5 . 3 0 0 . 2 2 0 0 . 0 9 2 . 0 6 
2 0 . 9 1 8 7 1 . 8 0 0 . 2 6 9 0 . 1 1 6 2 . 1 1 
3 1 . 1 6 9 7 7 . 3 0 0 . 3 3 5 0 . 1 3 7 2 . 0 0 
" M e M g s e c - B u - M e M g H " 
1 0 . 1 7 7 5 7 . 1 6 0 . 1 2 9 0 . 0 4 5 1 . 7 1 
2 0 . 3 6 0 6 1 . 3 7 0 . 2 1 5 0 . 0 8 6 1 . 9 6 
3 0 . 5 5 5 6 5 . 7 0 0 . 2 8 3 0 . 1 2 4 2 . 1 5 
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